ABSTRACT

As part of an ongoing ecological characterization of Gray's Reef National Marine Sanctuary (GRNMS) and nearby shelf waters, surveys of soft-bottom benthic
community characteristics, contaminant levels in sediments and biota, and other habitat conditions were conducted during spring 2000 and 2001. The first survey
was conducted at 20 stations within the sanctuary to document baseline environmental conditions. The second survey was conducted at 20 stations, including a
subset of Year-1 stations within the sanctuary and a new series of inner-shelf stations positioned along three cross-shelf transects of five stations each. These
transects provide a means to examine spatial patterns in the measured environmental variables in relation to both natural factors (e.g., depth) and potential
anthropogenic factors (e.g., proximity to land-based sources of contaminants). An important goal of this work has been to determine the extent to which land-
based sources of pollutants and other materials are transported through river systems to the offshore shelf environment, inclusive of GRNMS, and the potential
effects that these materials may have on biological resources along the way. A significant finding from the first year of sampling was the presence of trace
concentrations of pesticides and other man-made chemicals in both sediments and biota within GRNMS, which demonstrated that these materials are capable of
making their way to the offshore sanctuary environment (albeit at low concentrations ot likely of being associated with adverse bioeffects). Results of the spring
2001 survey reveal cross-shelf patterns in both benthic and trace of chemical in sediments

INTRODUCTION

A series of studies was initiated to assess the condition of benthic macroinfauna and chemical
contaminant levels in sediments and biota of the Gray's Reef National Marine Sanctuary (GRNMS)
and nearby shelf waters off the coast of Georgia. Benthic research in the sanctuary by previous
investigators has focused largely on live-bottom assemblages associated with rocky outcrops. In
contrast, there has been limited work on the ecology of unconsolidated sandy subsrates, which
characterize the majority of the seafloor within the sanctuary and surrounding continental shelf. The
soft-bottom benthos is a key component of coastal ecosystems, playing vital roles in detrital
decomposition, nutrient cyciing, and energy flow to higher trophic levels. Moreover, because of their
relatively stationary existence within the sediments, benthic infauna (Fig. 1) can serve as reliable
indicators of potential environmental disturbances to the seafloor.

Key objectives of the research are: (1) to document existing environmental conditions within the
sanctuary in order to provide a quantitative benchmark for tracking any future changes due to either:
natural or human disturbances; (2) to examine broader cross-shelf spatial patterns in benthic fauna

and sediment contaminant concentrations and to identify potential controlling factors associated with

the observed pattems; (3) to assess any between-year temporal variability in benthic fauna; and (4) to Figure 1. Examples of dominant macroinfaunal species

evaluate the importance of benthic fauna as prey for higher trophic levels. Such questions are being at GRNMS;
addressed to help fulfil long-term science and management goals of the GRNMS. However, itis
anticipated that the information will be of additional value in broadening our understanding of the
surrounding South Atlantic Bight (SAB) ecosystem and in bringing the knowledge to bear on related
resource-management issues of the region.

METHODS

The study was designed around a two-year field effort with one sampling event in each year. The first
cruise was conducted April 3-7, 2000 (NOAA Ship FERREL Cruise FE-00-06-GR) and the second was
conducted April 29-May 5, 2001 (NOAA Ship FERREL Cruise FE-01-08-MA: Leg 1).

To address Year-1 objectives, 20 stations were established all within the sanctuary noundanes (Fig. 2
and 3). A random sampling design was applied tosupport probability-based estimates of
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environmental indicators. The resulting sampling framework is a 58-km? grid of 20 individual cells,
each of which is 2.9 km?, and which together are representative of the total area of the sanctuary (Fig
3). One station was randomly located within each cell

Figure 2. Sampling design. Station numbers are
shown for sites sampled in spring 2001. Station
numbers for sites sampled in spring 2000 are
identified below.

The second year of sampling (spring 2001) included additional sites outside the sanctuary in nearby
inner-shelf areas (Fig. 2). Sampling was conducted at a total of 20 stations: three cross-shelf transects
of five stations each, including one of the previous Yr-1 stations within the sanctuary (Station 12)
serving as the seaward end of the middle transect; and five addtinal Yr-1 stations within the
sanctuary boundaries (Stations 1, 10, 11, 14,and 17).

During both years, samples were collected at each station for characterization of general habitat
conditions (depth, temperature, salinity, pH, dissolved oxygen, total organic carbon, grain size),
concentrations of sediment contaminants (metals, pesticides, PCBs, PAHs), diversity and abundance
of macroinfauna (> 0.5 mm), and aesthetic quality (presence of anthropogenic debris, visible oil,
noxious sediment odor, and water clarity based on secchi depths). During the first year, samples of
benthic and demersal fauna (the turkey wing arc shell Arca zebra and black sea bass Centropristis
striata) also were collected in selected areas (by divers for the molluscs and by fish traps for the bass)
and analyzed for concentrations of chemical contaminants in tissues. Sediment samples for
macroinfaunal analysis were collected at each station in triplicate sing a 0.04 m2 Young grab sampler.
Each replicate was sieved in the field through a 0.5-mm mesh screen and preserved in 10% buffered
formalin with rose bengal. Al infaunal samples were transferred to 70% ethanol once in the laboratory.
Animals were sorted from sample debris under a dissecting microscope and identified to the lowest
practical taxon (usually to species). The upper 2 — 3 centimeters of sediment from additional multiple
SN iners campisd 1 Sisig Aop0iand grabs were taken at each station, combined into a single station composite, and then subsampled for
ones i s worsesanpid analysis of metals, organic contaminants (PCB, pesticides, PAHs), total organic carbon (TOC), and
Spring 2001 grain size, duplicates were run at ~10% of the stations for quality control purposes. A total of 12
inorganic metals, 25 polynuclear aromatic hydrocarbons (PAHs), 26 polychlorinated biphenyls (PCBs),
and 21 pesticides were measured at each station.

Figure 3. Station locations within GRNMS.
Stations were randomly selected within
each of the 20 cells (2.9 k? each). All
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re highflow extremes. Note i the last plot
that values of % sand-gravel fall within a very narrow
range of 99-100%

Figure 5. Comparison of sediment
contamination (% area) at GRNMS during the
present study (April 2000) vs. southeastern
estuaries sampled during EMAP
(unpublished data from J. Hyland, NOAA).

Figure 6. Al measured analytes in tissue samples
collected in April 2000 (10 black sea bass, 9 ark
shell composites; pictured above) were below!
human-health guideline values.

Figure 7. Comparison of benthic species.
richness, diversity and abundance at GRNMS
sites sampled in April 2000 (n = 20) vs. estuarine
sites of similar salinity (> 30 ppt) in EMAP.
Carolinian Province (n
interquartile ranges, horizontal lines within boxes
are medians and wisker endpoints are highfiow
extremes. Base 2 logarithms were used to
calculate H
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Figure 11, Summary of chemical
contaminants concentrations in sediments.
(spring 2001) relative to sediment quality
guidelines (SQG)

Figure 8. Dendogram resulting from clustering of
stations sampled within GRNMS in 2000, using
group-average sorting and Bray-Curlis simiarity
Samples within each station are combined over all
3 replicates. A similarity level of 0.55 (dotted line)
was used to define the two major site groups.

Figure 12. Cross-shelf patterns in chemical contaminant
levels expressed as mean ERM quotients. Data are from
spring 2001

Figure 15. Separation of site groups
(spring 2001) on the first and second
canonical function derived from
canonical discriminant analysis
performed on abiotic environmental
variables. Can 1 = first canonical
Figure 13. Dendogram resulting from clustering function (98% of variability). Can 2=
of stations sampled in spring 2001, using group- second canonical function (2% of
average sorting and Bray-Curts similarity. variabiliy).

‘Samples within each station are combined over

all 3 replicates. A similarity level of 0.35 (dotted

line) was used to define the major sie groups.

Figure 9. Comparison of benthic species richness (#
species/grab), abundances (#m2), and dominants at GRNMS
2000 site groups A vs. B. For the # species and abundances
boxes are interquartile ranges, horizontal lines within boxes are
medians, and wisker endpoints are highliow extremes.

Figure 16. Resuls of non-metric, two-
dimensional MDS ordination on the Bray-Curtis
similarity matrix of double square-root
ransformed species abundance data from six
GRNMS stations sampled in spring 2000 and
2001. Sampling points similar at Bray-Curtis
similarity of > 0.6 are encircled
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Variable
F Value
Depth (m) SRS
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0.006 0.0002

103 0.0020
3 0.0570
0.0027

Figure 10. Cross-shelf pattens in % sit-clay
vs. sand content of sediment, based on spring
2001 data. the three site groups (Spring 2001),

Figure 14. Comparison of species
richness (mean no. taxa/grab) among

CONCLUSIONS

2000

In general, chemical contaminants in sediments throughout the sanctuary are at background levels, below probable bioeffect guidelines. Trace concentrations of man-made pesticides (DDT, chiorpyrifos) and other chemical
substances from human sources (PCBs, PAHs) were detected in these sediments, though not at concentrations likely to cause significant bioeffects.

Contaminants in tissues of target benthic species are below human-health guidelines (where available) based on a limited sample population (10 filles of black sea bass and 9 arc-shell composites). Similar to results for sediments,
tissues of both species contained trace concentrations of additional chemical contaminants associated with human sources (pesticides, PCBs, PAHS).

The vast stretches of sands throughout the sanctuary support a highly diverse and abundant infaunal community. Measures of diversity (number of species and H'), for example, are about twice as high as those observed for the
benthos in neighboring estuaries of comparable high salinty.

At present, zero % of the sanctuary area shows any significant evidence of impaired benthic condition coupled to adverse leyels of chemical contaminants in sediments. However, the presence oftrace concentrations of pesticides,
PCBs, and PAHs in both sediments and biota demonstrate that chemical substances originating from human activities are capable of reaching the offshore sanctuary environment and thus should be monitored to ensure that future
problems do not develop.

2001

In general, chemical contaminants in sediments of the surrounding inner-shelf sampling area appeared to be at low background levels, similar to conditions observed within the sanctuary during the previous year. Importantly, there
was a general pattern of decreasing concentrations with increasing distance from shore, thus suggesting possible outwelling of these materials from inland sources through the coastal sounds.

There were distinct cross-shelf patterns in the structure and composition of benthic fauna. Variations in the fauna appeared to be associated with the sediment characteristics (% silt-clay and median particle size) and other factors
related to distance to shore (e.g., depth). Additional unmeasured controlling factors also related to distance from shore may be contributing to these patterns.

There also were notable cross-shelf differences in species diversity. Stations furthest offshore in Group C had the greatest numbers of species. This result supports the view that the sanctuary, and probably much of the offshore
South Atlantic Bight region, is an important reservoir of marine biodiversity.

Additional finer-scale spatial variations in benthic fauna were detected among stations within the sanctuary boundaries and may be related to differences in the proximity to live-bottom habitat. However, any such spatial variability in
benthic fauna within the sanctuary is less pronounced than the broader spatial patterns observed across the shelf.

Minor differences in benthic community structure were detected between sampling periods (spring 2000 vs. spring 2001) at sites within GRNMS. As for the interpretation of small-scale spatial variabilty, it is important to recognize
that such variability is much less pronounced than the broader spatial patterns observed across the shelf. Albeit small, such temporal variability will need to be taken into account in any future efforts to monitor potential long-term
environmental changes due to human or natural disturbances.




